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1. Introduction
In RAN1 #84bis, the agreement for the in-coverage case has been agreed as follows [1]:
Agreement:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps
· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured

· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case

· FFS: The priority order for out of coverage case

In RAN1 #85 meeting, the following agreements were made [2]: 
Agreements:
· Rel-12 DFN definition is reused.
· When GNSS is the synchronization reference, DFN is derived from GNSS.
· Details are up to RAN2.
· For the other cases, DFN is derived according to Rel-12 behavior.
Working assumption:

Working assumption for the V2V PC5 SLSS: 

· At least one value is reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference.
· FFS whether multiple values need to be reserved.
· The reserved value(s) of the SLSS IDs is(are) pre-defined.

· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.

And in RAN1 #86 meeting, some agreements have been obtained as follows [3]:
Agreement:
· GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:

· The UE is out of coverage  on the V2X carrier (as defined by RAN2)

· The UE does not receive any eNB synchronization configuration 

· The UE directly receives GNSS with sufficient reliability (as defined by RAN4)

· The UE does not receive any SLSS_net signal  with in-coverage indicator 1
· The existing agreements apply when at least one of the above conditions is not met.

· FFS UE behaviour when the UE is out-of-coverage and receives SLSS_net.

· RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.

· The offset is in range [0, 1 ms] with the granularity of 1 us.

In this contribution, we further discuss the remaining details of sidelink synchronization.
2. Synchronization source priority
We discuss the priority order of the sidelink synchronization signal (SLSS) based synchronization for partial coverage and out-of-coverage based on Figure 1.
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Figure 1: Different sync sources
2.1 Partial coverage

For the same carrier frequency, one out-of-coverage may detect different SLSS transmitted from out-of-coverage UEs with direct GNSS timing and in-coverage UEs with eNB timing. Interfere will be caused because of the timing misalignment if the priority order of these two timings are not different.
For in-coverage UEs which are configured to synchronize to GNSS, two cases should be considered according to the carrier frequency of the sidelink operation.
· Case 1: Shared carrier frequency with WAN
In the shared carrier, the timings of GNSS and eNB may not be aligned. In order to avoid interference, the in-coverage UEs synchronization to GNSS needs to be in alignment with the eNB timing based on an offset. Consequently, the timing of SLSS_net with in-coverage indicator 1 will be different than that of out-of-coverage UEs with direct GNSS timing. From the point of interference avoidance, it is better to give higher priority order to SLSS_net with in-coverage indicator 1.
· Case 2: Dedicated carrier frequency
In this case, both in-coverage UEs and out-of-coverage UEs have the timing reference of GNSS. The timing of SLSS_net with in-coverage indicator 1 is aligned with that of GNSS and there is no interference to WAN because of the different carrier frequency. So, these two timing references should have the same priority.

Proposal 1: We suggest that the priority order for partial coverage vehicle UEs is:
· SLSS_net with in-coverage indicator 1 based on eNB = SLSS_net with in-coverage indicator 1 based on GNSS > SLSS_net with in-coverage indicator 0 based on eNB = SLSS_net with in-coverage indicator 0 based on GNSS > GNSS > SLSS_oon transmitted from out-of-coverage UE directly synchronized with GNSS > SLSS transmitted from out-of-coverage UE indirectly synchronized with GNSS > SLSS_oon with UE local timing
2.2 Out-of-coverage

According to the agreements from RAN1 #86, only one case of GNSS based synchronization has specific priority order as follows.
· GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:

1. The UE is out of coverage on the V2X carrier (as defined by RAN2)

2. The UE does not receive any eNB synchronization configuration 

3. The UE directly receives GNSS with sufficient reliability (as defined by RAN4)
4. The UE does not receive any SLSS_net signal with in-coverage indicator 1
If one of the points 1, 2 and 4 are met, then the UEs can finish the synchronization procedure according to the priority order described in the case of in-coverage or partial coverage.
If only the points 1, 2 and 4 are met and out-of-coverage UEs cannot receive SLSS_net with in-coverage indicator 1 or SLSS_net with in-coverage indicator 0, then how to acquire timing reference for out-of-coverage UEs needs to be considered. 
In summary, if GNSS is considered then we suggest the priority order for out of coverage UEs as below.
Proposal 2: We suggest that the priority order for out of coverage vehicle UEs is:

· GNSS > SLSS_oon transmitted from out-of-coverage UE directly synchronized with GNSS > SLSS_oon transmitted from out-of-coverage UE indirectly synchronized with GNSS > SLSS_oon with UE local timing
3. The conditions of SLSS transmission
· In-coverage
Both the timing of eNB and GNSS is needed for in-coverage UEs to forward timing to out-of-coverage. It is natural for the in-coverage UEs to transmit SLSS based on S-RSRP.
· Out-of-coverage
If out-of-coverage UEs synchronize to GNSS, SLSS based synchronization is only necessary in tunnel, underground and urban canyon case. In general, these cases exist in a low probability. In order to avoid unnecessary SLSS transmission in this case, we think first it is better that the UEs lose GNSS transmit SLSS based on local clock. After that, the UEs which receive the SLSS transmitted from other UEs with lower priority order transmit SLSS based on GNSS timing. Lastly, the UEs that lose GNSS can acquire timing reference via GNSS based SLSS. In this way, lots of unnecessary SLSS transmission may be avoided.
In summary, we think that it is unnecessary for all out-of-coverage UEs to transmit SLSS always if UEs can synchronize to GNSS directly.
Proposal 3: We suggest the conditions of SLSS transmission:

· In-coverage
· Based on received S-RSRP
· Out-of- coverage
· Two options can be considered:
Option 1: UEs transmit SLSS if detect SLSS with lower priority order.
Option 2: All UEs transmit SLSS.
4. Discussion about offset to shift the DFN #0 w.r.t the reference timing derived from GNSS
From our understanding, offset is needed only in the case that GNSS is configured to in-coverage UEs in order to avoid interference. But we also think the offset can be avoided via a kind of simple configuration as following.
 eNB can configure synchronization source based on carrier frequency of sidelink operation. For dedicated frequency, eNB can configure GNSS as synchronization source for in-coverage UEs and configures eNB as synchronization source for sidelink operation in a shared frequency with WAN. If timing reference cannot be acquired, synchronization sources in other carrier frequencies should not be excluded.
According to the configuration above, the priority order of synchronization source can be described based on carrier frequency as below.

· For dedicated carrier frequency
· GNSS > SLSS_oon transmitted from out-of-coverage UE directly synchronized with GNSS > SLSS_oon transmitted from out-of-coverage UE indirectly synchronized with GNSS > Synchronization sources in  other carrier frequencies with priority order >SLSS_oon with UE local timing
· For shared carrier frequency 
· eNB > SLSS_net with in-coverage indicator 1 > SLSS_net with in-coverage indicator 0 > SLSS_oon with in-coverage indicator 0 Synchronization sources in  other carrier frequencies with priority order > SLSS_oon with UE local timing
By this configuration principle, V2V UEs with timing of GNSS would not coexist with WAN UEs in a shared carrier frequency. Thus, the offset we want to discuss would also be unnecessary. 
Proposal 4: The need of offset to shift the DFN #0 w.r.t the reference timing derived from GNSS may be avoided by simple configuration.
5. Conclusions
In this contribution the remaining details of sidelink synchronization are further discussed. We suggest the following: 
Proposal 1: We suggest that the priority order for partial coverage vehicle UEs is:

· SLSS_net with in-coverage indicator 1 based on eNB = SLSS_net with in-coverage indicator 1 based on GNSS > SLSS_net with in-coverage indicator 0 based on eNB = SLSS_net with in-coverage indicator 0 based on GNSS > GNSS > SLSS_oon transmitted from out-of-coverage UE directly synchronized with GNSS > SLSS transmitted from out-of-coverage UE indirectly synchronized with GNSS > SLSS_oon with UE local timing
Proposal 2: We suggest that the priority order for out of coverage vehicle UEs is:

· GNSS > SLSS_oon transmitted from out-of-coverage UE directly synchronized with GNSS > SLSS_oon transmitted from out-of-coverage UE indirectly synchronized with GNSS > SLSS_oon with UE local timing
Proposal 3: We suggest the conditions of SLSS transmission:

· In-coverage
· Based on received S-RSRP

· Out-of- coverage
· Two options can be considered:

Option 1: UEs transmit SLSS if detect SLSS with lower priority order.
Option 2: All UEs transmit SLSS.
Proposal 4: The need of offset to shift the DFN #0 w.r.t the reference timing derived from GNSS may be avoided by simple configuration.
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